
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l|||||||||||||||||||l|||||||||||||||||||| 
US 20040157446A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0157446 A1 

Kashino (43) Pub. Date: Aug. 12, 2004 

(54) VAPOR GROWTH METHOD AND VAPOR (30) Foreign Application Priority Data 
GROWTH DEVICE 

Jun. 28, 2001 (JP) .................................... .. 2001-196768 

(76) Inventor: Hisashi Kashino, Gunma (JP) Publication Classi?cation 

(51) Int. Cl.7 ..................... .. H01L 21/302; H01L 21/461 

Correspondence Address: (52) US. Cl. ............................................................ .. 438/689 

Oli?' & Berridge (57) ABSTRACT 
PO Box 19928 
Alexandria, VA 22320 (US) Avapor phase growth method for growing a semiconductor 

single crystal thin ?lm on a front surface of a semiconductor 
single crystal substrate (1) While introducing gas into a 

(21) App1_ NO; 10/481,333 reaction chamber (11), has a step of performing heating 
output poWer control in a gas introduction region (R1) 

(22) PCT Filed; Jun, 20, 2002 according to a temperature detected in a region other than 
the gas introduction region (R1) in the reaction chamber 

(86) PCT No.: PCT/JP02/06155 (11). 

“(136) 13(13a) 13(13“) 13(13e)' 

13 (13b) 

13 (13d) 

/} [\‘l R“ l l l I \ l l l l L\I 11k: 
\ A 

//\ § / /‘\ l. 

/ / I/‘ \ l 

// a // ) \\?EJ12 \ 

A // 7’ / ,‘ / | B 
/ /A ll ( f 7 \\ ‘ 
/ ,2)“ CL J 

13(13) ( “ \ l a 
/ \ /// \\ 3 // s \ 14(1411) 

/ l 7 j 

// '” / \ / / “ .? \ 

I ' A l\\l 

1303a) 

\WKW 

R I 



Patent Application Publication Aug. 12, 2004 Sheet 1 0f 7 US 2004/0157446 A1 

FIG] 

13 
13 



Patent Application Publication Aug. 12, 2004 Sheet 2 0f 7 US 2004/0157446 A1 

FIGZ 

13(13c) 13(13a) 13(13“) 13(13e) 

13(13b) 
13(13d) 

III] II 

13(13a) \\l\\ ‘l // K1‘ 14(1411) 
/?’ / \ / / Sm 

mm) R1\ 1404a) 



Patent Application Publication Aug. 12, 2004 Sheet 3 0f 7 US 2004/0157446 A1 

3 4 

TIME(MIN.) 

— CENTER 

N 0 I G Nu mN am ET Tm SD U0 AR mT Em "_ _ 



Patent Application Publication Aug. 12, 2004 Sheet 4 0f 7 US 2004/0157446 A1 

FIG4 

1 
0.9 / 
0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.10 -0.1 Q 
-l00 -95 -90 -85 -80 -75 -70 -65 -60 -55 -50 

OFFSET(°C) 

'cm 
I 
i 
! 
| 

I 
l 
l 

! 
1 
| RESISTIVITY DIFFERENCE (CENTER-PERIPHERY) Q 



Patent Application Publication Aug. 12, 2004 Sheet 5 0f 7 US 2004/0157446 A1 

FIGS 
1_02 

1200 | 
~ - - - - - - - - - - - n 

p: p-A 

pa p-n TEMPERATURE(°C) S 
7 

TIME(MIN.) 

— CENTER 

------ -- EXHAUST REGION 

—-— INTRODUCTION REGION 





Patent Application Publication Aug. 12, 2004 Sheet 7 0f 7 US 2004/0157446 A1 

mbhgmg QOMHZOU 

. \/\ ~25 25055 

NE 

\/\ ~25 25055 
‘2 

\/\ ~25 E035 
5 

\)\ ~25 22035 
.5 

\1\ ~25 E6055 
“2 

mmaom HDFHDQ UZFSQE 
% UN.“ 

Al HAADOUOEQEH All HQQDOUOEMHEH 



US 2004/0157446 A1 

VAPOR GROWTH METHOD AND VAPOR 
GROWTH DEVICE 

TECHNICAL FIELD 

[0001] This invention relates to a vapor phase growth 
method and a vapor phase growth apparatus in Which a 
semiconductor single crystal thin ?lm groWs on a front 
surface of a semiconductor single crystal substrate While 
introducing gas into a reaction chamber. 

BACKGROUND ART 

[0002] As shoWn in FIG. 5, for example, in a single Wafer 
processing type vapor phase groWth apparatus 100 of a prior 
art, a semiconductor single crystal substrate (hereinafter, 
sometimes referred simply as a substrate) 1 is mounted on a 
susceptor 112 arranged in a reaction chamber, the substrate 
1 is rotated almost horiZontally With the susceptor 112, gas 
is introduced into the reaction chamber 102 from one side 
(for example, the left side in FIG. 5) along a direction of an 
arroW A and is exhausted to other side opposite to the 
introduction side along a direction of an arroW B, the 
substrate 1 is heated to a desired temperature setting by 
using a heating apparatus (not shoWn) installed outside of 
the reaction chamber 102, and a semiconductor single crys 
tal thin ?lm (hereinafter, sometimes referred simply as a thin 
?lm) is groWn by a vapor phase groWth method on a front 
surface of the substrate 1. 

[0003] Because conditions such as temperature (especially 
the temperature of the substrate 1), temperature distribution 
(especially the temperature distribution Within the surface of 
the substrate 1) and the like in?uence properties of the thin 
?lm during the vapor phase groWth, proper control of these 
conditions are essential. 

[0004] Control of the temperature and the temperature 
distribution is performed, for example, by feeding back 
detected temperatures of a substrate 1 (for example, heated 
by halogen lamps) by thermocouples to a heat output of the 
heating apparatus and by heating the substrate 1 so as to 
make the detected temperatures of the substrate 1 approach 
to setting temperatures. 

[0005] The thermocouples are respectively located in a 
plurality of regions of the reaction chamber such as a central 
region of the substrate, a side surface region, a gas intro 
duction region and a gas exhaust region and the like. 
Temperature of each region is detected by the corresponding 
thermocouple, and the temperatures of the regions are inde 
pendently controlled according to the detected temperatures 
by using, for example, the halogen lamps. 

[0006] The thermocouples are installed in a heat retaining 
plate 115 arranged so as to surround the susceptor 112. In 
detail, thermocouples 101a, 101b, 101c and 101d are 
installed in the heat retaining plate 115 so as to place, for 
example, one thermocouple 101d at the position correspond 
ing to the center of the substrate 1 and place three thermo 
couples 101a (the side surface region of the reaction cham 
ber), 101b (the gas exhaust region) and 101c (the gas 
introduction region) at the peripheral positions of the sub 
strate 1, and temperature at each position is detected. 

[0007] Temperature change With the passage of time, 
Which is detected by the thermocouple located at each of the 
positions of the reaction chamber 102 (the center of the 
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substrate, the gas introduction region and the gas exhaust 
region), is shoWn in FIG. 6. As shoWn in FIG. 6, the 
temperature detected in a gas introduction region R100 
(shaded area in FIG. 5) by the thermocouple 101c is higher 
than the temperatures detected in both the center of the 
substrate 1 and the gas exhaust region by the thermocouple 
101a' and the thermocouple 101b respectively. 

[0008] The gas introduction region R100 in the reaction 
chamber 102 is cooled doWn due to the gas introduced at 
almost room temperature. Therefore, assuming that the 
output poWer for heating is uniformly set in the Whole area 
in the reaction chamber 102, the periphery temperature of 
the substrate at the gas introduction region becomes loW as 
compared With temperatures in the other area of the sub 
strate 1. As a result, slip dislocation undesirably and easily 
occurs. 

[0009] Accordingly, to prevent the slip dislocation occur 
ring due to the reason described above, temperature setting 
in the gas introduction region R100 is relatively heightened. 
Therefore, as described above, temperature detected in the 
gas introduction region R100 becomes higher than those 
detected at the center of the substrate and the gas exhaust 
region. 
[0010] Incidence of the slip dislocation depends on tem 
perature setting difference betWeen tWo points on a surface 
of a substrate 1 (unit of ° C.), that is, an offset level of the 
temperature setting. Therefore, it is preferable to set the 
offset level so as to loWer the incidence of the slip disloca 
tion as possible. 

[0011] On the other hand, resistivity distribution in a 
groWing thin ?lm changes in accordance With the offset level 
of the temperature setting. FIG. 4 is a graph shoWing a 
correlation betWeen the offset level of the temperature 
setting (X-axis) and the resistivity distribution (Y-axis; resis 
tivity difference betWeen the center and a periphery of the 
substrate) of the thin ?lm. 

[0012] This graph is obtained by changing the offset level 
of the temperature setting at the gas exhaust region against 
that at the center of the substrate and by groWing a silicon 
single crystal thin ?lm having a thickness of about 7 pm and 
a resistivity of about 109cm by a vapor phase groWth 
method at a temperature of 1110° C. on a front surface of a 
p+-type silicon single crystal substrate to Which boron is 
added at high concentration. 

[0013] The X-axis indicates differences betWeen setting 
temperatures of heating for the center of the substrate and 
setting temperatures of heating for the gas exhaust region, 
during thin ?lm formation. Temperature at the center of the 
substrate is detected by the thermocouple 101d, and tem 
perature in the gas exhaust region is detected by the ther 
mocouple 101b. The Y-axis indicates a value (unit of Q-cm) 
obtained by subtracting an average of resistivity values at 
four peripheral positions from a resistivity value at the 
center of the thin ?lm in a groWn silicon single crystal thin 
?lm. As the value of the Y-axis approaches to Zero, unifor 
mity of in-plane resistivity distribution is heightened. 
[0014] A range of the offset level in Which no slip dislo 
cation occurred in the groWth conditions described above is 
shoWn in FIG. 4 as a range H100. That is, When the offset 
level is Within a range of —60° C. to —70° C., slip dislocation 
scarcely occurs. HoWever, slip dislocation easily occurs in 
out of this range H100. 
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[0015] According to FIG. 4, to make in-plane resistivity 
distribution be substantially 0 (Zero), setting the offset level 
to be —95° C., that is, setting the temperature at the gas 
eXhaust region loWer than the temperature at the center of 
the substrate by 95° C. is required. However, When the 
temperature setting difference betWeen the gas eXhaust 
region and the center of the substrate is so large as described 
above, the offset level becomes out of the range H100, and 
slip dislocation occurs easily. 

[0016] Contrarily, to make slip dislocation scarcely occur, 
because the least offset value is —70° C. (Within the range 
H100), When a silicon single crystal thin ?lm With resistivity 
of about 10 Q-cm is groWn by a vapor phase groWth method, 
loWest resistivity difference betWeen the center and a periph 
ery in the thin ?lm can be at most 0.7 Q-cm or so. 

[0017] Each detected temperature denotes a temperature 
detected by a thermocouple and is slightly different from 
actual temperature of the substrate 1. 

[0018] In order to solve the above problem, an object of 
the present invention is to provide a vapor phase groWth 
method and a vapor phase groWth apparatus Which can 
improve in-plane resistivity distribution While suppressing 
occurrence of slip dislocation. 

DISCLOSURE OF THE INVENTION 

[0019] When an inside of a reaction chamber is heated 
While supplying atmosphere gas into the reaction chamber or 
While supplying a source gas into the reaction chamber, a gas 
introduction region in the reaction chamber is easily cooled 
doWn by the gas introduced at almost room temperature. 
Therefore, it is required to loWer temperature distribution in 
a substrate by heating the gas introduction region of the 
reaction chamber stronger than the center and a side surface 
region of the substrate and a gas eXhaust region in the 
reaction chamber. 

[0020] HoWever, during the heating, When temperatures 
are detected at each of the center and the side surface region 
of the substrate, the gas introduction region and the gas 
eXhaust region in the reaction chamber, and heat control is 
performed for each region according to the detected tem 
perature independently, because a degree of heating for each 
region changes occasionally, an offset value sometimes 
instantly deviates from a preset offset value. 

[0021] That is, for eXample, even though an offset of +30° 
C. is set for the gas introduction region, Where the tempera 
ture is easily changed, against the center of the substrate, that 
is, even though the setting temperature at the gas introduc 
tion region is set to be higher than the setting temperature at 
the center of the substrate by 30° C., because heating for the 
gas introduction region is controlled independently from 
heating for the center of the substrate, the temperature 
difference is sometimes instantly loWered to about —10° C. 
and is contrarily heightened to about +50° C. 

[0022] In accordance With a ?rst aspect of the present 
invention, a vapor phase groWth method for groWing a 
semiconductor single crystal thin ?lm on a front surface of 
a semiconductor single crystal substrate While introducing 
gas into a reaction chamber, comprises a step of performing 
heating output poWer control in a gas introduction region 
according to a temperature detected in a region other than 
the gas introduction region in the reaction chamber. The 
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vapor phase groWth method of the present invention is 
especially effective When the vapor phase groWth is per 
formed by using a single Wafer processing type vapor phase 
groWth apparatus. 
[0023] Preferably, heating output poWer control in the gas 
introduction region is performed according to a temperature 
detected at a gas eXhaust region or a position corresponding 
to a center of the semiconductor single crystal substrate in 
the reaction chamber. 

[0024] Preferably, a temperature setting of the gas exhaust 
region against a center of the semiconductor single crystal 
substrate is set so as to minimiZe resistivity distribution of 
the semiconductor single crystal thin ?lm Within a range 
corresponding to no occurrence of slip dislocation. 

[0025] In accordance With a second aspect of the present 
invention, a vapor phase groWth apparatus comprises a 
reaction chamber con?gured to be able to introduce gas for 
groWing a semiconductor single crystal thin ?lm by a vapor 
phase groWth method on a front surface of a semiconductor 
single crystal substrate arranged therein; a heating apparatus 
for heating an inside of the reaction chamber; a detector for 
detecting a temperature of a region other than a gas intro 
duction region in the reaction chamber; and a heating output 
poWer control apparatus for controlling the heating appara 
tus according to the temperature detected by the detector to 
perform heating output poWer control of the gas introduction 
region. 

[0026] In the vapor phase growth method and apparatus 
according to the present invention, heating output poWer 
control of the gas introduction region, Where the temperature 
is easily changed, is performed according to a temperature 
detected in a temperature stable region (hereinafter, referred 
as a standard region) other than the gas introduction region 
in the reaction chamber, for eXample, a temperature detected 
at the gas exhaust region or at a position corresponding to 
the center of the substrate. Accordingly, the heating can be 
performed While keeping a heating output poWer ratio 
betWeen the standard region and the gas introduction region 
to a constant level. 

[0027] Particularly, because temperature distribution 
Within the surface of the substrate can be suppressed during 
heating up, slip dislocation scarcely occurs, and offset 
temperature range corresponding to no occurrence of slip 
dislocation becomes Wider. In other Words, temperature 
range possible to perform temperature adjustment for 
improvement of in-plane resistivity distribution becomes 
Wider While satisfying conditions for being able to suppress 
occurrence of slip dislocation. Accordingly, in the vapor 
phase groWth method and the apparatus according to the 
present invention, the in-plane resistivity distribution can be 
improved While suppressing occurrence of slip dislocation. 

[0028] In the vapor phase groWth method according to the 
present invention, preferably, heating output poWer control 
in the reaction chamber is performed according to tempera 
tures detected only at tWo positions corresponding to the 
center of the semiconductor single crystal substrate in the 
reaction chamber and the gas eXhaust region in the reaction 
chamber. Heating output poWer control is, for eXample, 
performed according to temperatures detected by thermo 
couples. 
[0029] In accordance With a third aspect of the present 
invention, a vapor phase groWth apparatus comprises a 
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reaction chamber con?gured to be able to introduce gas for 
growing a semiconductor single crystal thin ?lm by a vapor 
phase groWth method on a front surface of a semiconductor 
single crystal substrate arranged therein; a heating apparatus 
for heating an inside of the reaction chamber; a ?rst detector 
for detecting a temperature of a gas exhaust region in the 
reaction chamber; a second detector for detecting a tem 
perature of a position corresponding to a center of the 
semiconductor single crystal substrate in the reaction cham 
ber; and a heating output poWer control apparatus for 
controlling the heating apparatus according to the tempera 
tures detected by the ?rst and second detectors to perform 
heating output poWer control in the reaction chamber. Each 
detector is, for example, a thermocouple. 

[0030] In this case, because heating output poWer control 
in the reaction chamber is performed according to the 
temperatures detected only at tWo positions corresponding to 
the center of the semiconductor single crystal substrate in 
the reaction chamber and the gas exhaust region in the 
reaction chamber, a period of time required to determine 
conditions for a vapor phase groWth can be shortened as 
compared With the case in that heating output poWer control 
is performed according to temperatures detected at three 
positions or more. Accordingly, productivity can be 
extremely improved. 

[0031] Further, because detectors such as thermocouples, 
for example, arranged only at tWo positions corresponding 
to the center of the semiconductor single crystal substrate in 
the reaction chamber and the gas exhaust region in the 
reaction chamber are required (only tWo detectors are 
required), cost of con?guring the vapor phase groWth appa 
ratus and cost of maintaining the vapor phase groWth 
apparatus can be loWered as compared With that for a case 
Where three detectors or more are required. Moreover, a 
doWn time of the vapor phase groWth apparatus required for 
replacing consumed detectors can be shortened, and a time 
for temperature pro?ling required When the detector is 
replaced can be shortened as compared With a case Where 
three detectors or more are required. Time for the tempera 
ture pro?ling is lengthened as the number of detectors is 
increased. 

BRIEF DESCRIPTION OF DRAWINGS 

[0032] FIG. 1 is a sectional side vieW schematically 
shoWing a single Wafer processing type vapor phase groWth 
apparatus; 

[0033] FIG. 2 is a plane vieW schematically shoWing a 
reaction chamber to explain a method of heating output 
poWer control according to the present invention; 

[0034] FIG. 3 is a graph shoWing temperature change With 
the passage of time at various positions (the center of a 
substrate, a gas introduction region and a gas exhaust region) 
in a reaction chamber When heating output poWer control is 
performed according to the method of the present invention; 

[0035] FIG. 4 is a graph shoWing a correlation betWeen 
offset levels (X-axis) and resistivity distribution of a thin 
?lm (Y-axis; resistivity difference betWeen the center of the 
substrate and periphery of the substrate); 

[0036] FIG. 5 is a plane vieW schematically shoWing a 
reaction chamber to explain a method of controlling tem 
perature in a prior art; 
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[0037] FIG. 6 is a graph shoWing temperature change With 
the passage of time at various positions (the center of a 
substrate, a gas introduction region and a gas exhaust region) 
in a reaction chamber When heating output poWer control is 
performed according to the method of the prior art; 

[0038] FIG. 7 is a plane vieW schematically shoWing the 
reaction chamber to explain a further appropriate method of 
heating output poWer control according to the present inven 
tion; and 

[0039] FIG. 8 is a block diagram shoWing a heating output 
poWer control system. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0040] Hereinafter, an embodiment of the present inven 
tion Will be explained With reference to draWings. 

[0041] Avapor phase groWth apparatus 10 shoWn in FIG. 
1 is a single Wafer processing type apparatus for groWing a 
thin ?lm such as a silicon epitaxial layer or the like by a 
vapor phase groWth method on a front surface of a substrate 
1 (a semiconductor single crystal substrate such as a silicon 
single crystal substrate or the like)(shoWn in FIG. 2 and the 
like). The apparatus 10 comprises a reaction chamber 11, a 
susceptor 12 arranged in the reaction chamber 11 for holding 
the substrate 1 on an upper surface thereof, a driving 
apparatus (not shoWn) for rotating the susceptor 12 during 
vapor phase groWth, halogen lamps 13 (a heating apparatus) 
acting as a heating apparatus to heat the inside of the 
reaction chamber 11, a heating output poWer control appa 
ratus 15 (refer to FIG. 8) for controlling heating output 
poWer of the halogen lamps 13, and thermocouples 14 
(shoWn in FIG. 2 and the like) for detecting temperatures in 
the reaction chamber 11. 

[0042] Gas is introduced into the reaction chamber 11, for 
example, along a direction of an arroW A and is exhausted 
along a direction of an arroW B. In short, gas ?oWs from the 
left side to the right side in FIG. 1. 

[0043] In this vapor phase groWth apparatus 10, a thin ?lm 
can be groWn by a vapor phase groWth method on a front 
surface of the substrate 1 by arranging the susceptor 12 
holding the substrate 1 in the reaction chamber 11, heating 
the substrate 1 and the susceptor 12 in the reaction chamber 
11 With the halogen lamps 13 under control of the heating 
output poWer control apparatus 15 While rotating the sus 
ceptor 12 and introducing gas into the reaction chamber 11. 

[0044] For example, as shoWn in FIG. 2, multiple halogen 
lamps 13 (for example, nine lamps) are arranged on an upper 
side of the reaction chamber 11 along the gas ?oW, and other 
halogen lamps 13 (for example, eight lamps) are arranged on 
a loWer side of the reaction chamber 11 perpendicularly to 
a direction of the gas ?oW. In addition, the halogen lamps 13 
are also arranged at the center (corresponding to the center 
of the substrate 1) of the reaction chamber 11. 

[0045] To distinguish the halogen lamps 13 from one 
another, reference numerals distinguishing as halogen lamps 
13a, 13b, 13c, 13d and 136 corresponding to regions of the 
halogen lamps 13 respectively are arranged. 

[0046] In the reaction chamber 11, thermocouples 14 are 
arranged in a region of the center of the substrate 1, a region 
placed on a gas exhaust side of the substrate 1, a region (a 
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gas introduction region R1; a shaded area in FIG. 2) placed 
on a gas introduction side and a region placed on a side 
surface side of the reaction chamber 11, respectively. To 
distinguish the thermocouples 14 from one another, refer 
ence numerals distinguishing as a thermocouple 14a (a 
detector; particularly a second detector), thermocouple 14b 
(a detector; particularly a ?rst detector), a thermocouple 14c 
and a thermocouple 14d are arranged. 

[0047] In the vapor phase groWth apparatus 10 of the 
present invention, heating output poWer levels of the halo 
gen lamps 13a and 13b arranged near to the center of the 
substrate 1 are controlled according to temperature detected 
by the thermocouple 14a corresponding to the center of the 
substrate 1. Aheating output poWer ratio of the halogen lamp 
13a to the halogen lamp 13b is set to a predetermined value 
in advance. 

[0048] Heating output poWer levels of the other halogen 
lamps 13 (shoWn by shading), that is, the halogen lamp 13c 
(the gas introduction region), the halogen lamp 13d (the side 
surface side of the reaction chamber 11) and the halogen 
lamp 136 (the gas exhaust region) are controlled according 
to temperature detected by the thermocouple 14b placed at 
the gas exhaust region. The heating output poWer ratio 
among the halogen lamps 13c, 13d and 136 is set to a 
predetermined value in advance in the same manner. 

[0049] A method of determining the heating output poWer 
ratio among the halogen lamps 13, that is, a method of 
determining a ratio of amounts of heating at the regions Will 
be described. 

[0050] Initially, a substrate 1 is placed in a reaction 
chamber 11. Without rotating the substrate 1, Within a 
temperature range of kinetic control (loWer than a tempera 
ture of original vapor phase groWth), vapor phase groWth of 
a thin ?lm on a front surface of the substrate 1 is performed 
plural times While changing balance of heating output poWer 
levels of the halogen lamps 13a, 13b, 13c, 13d and 136. A 
balance of the heating output poWer levels of the halogen 
lamps 13, Which provides the best thin ?lm thickness 
distribution, is set as a temporary heating output poWer ratio. 
Good thin ?lm thickness distribution Within the temperature 
range of kinetic control means good temperature distribu 
tion. GroWth rate of a thin ?lm on a substrate 1 becomes 
larger as reaction temperature is heightened Within a certain 
temperature range (for example, approximately 800° C. to 
950° C. in case of a silicon single crystal thin ?lm). The 
temperature range of kinetic control denotes this tempera 
ture range. 

[0051] Next, a substrate 1 is placed in the reaction cham 
ber 11, and vapor phase groWth of a thin ?lm on a front 
surface of the substrate 1 Without rotating the substrate 1 at 
original temperature of the vapor phase groWth (temperature 
range of diffusion control; for example, approximately 
1100° C. When a silicon single crystal thin ?lm is groWn by 
using trichlorosilane gas) is performed several times While 
keeping the heating output poWer levels of the halogen 
lamps 13a and 13b to constant values and While equally 
changing the output poWer levels of the halogen lamps 13c, 
13d, and 136 in synchroniZation With change of temperature 
setting of the halogen lamp 136 Within a range of —50° C. to 
+50° C., for example, at a ?xed heating output poWer ratio 
among the halogen lamps 13c, 13d, and 136. And then 
optimal conditions for suppressing occurrence of slip dis 
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location as possible and making in-plane resistivity distri 
bution in the substrate 1 become better are determined. A 
heating output poWer ratio of the halogen lamp 13a to the 
halogen lamp 13b (hereinafter, a ?rst heating output poWer 
ratio; the ?rst heating output poWer ratio is the same as the 
temporary heating output poWer ratio described above) and 
a heating output poWer ratio among the halogen lamps 13c, 
13d and 13e (hereinafter, a second heating output poWer 
ratio) on these optimal conditions are respectively used as 
heating output poWer ratios set to the predetermined values. 

[0052] Inside of the reaction chamber 11 is divided into 
tWo major regions denoting the center of substrate 1 and a 
periphery of the substrate 1. The halogen lamps 13a and 13b 
are arranged at the center of substrate 1, and the halogen 
lamps 13c, 13d and 136 are arranged at the periphery of the 
substrate 1. Heating output poWer levels of the halogen 
lamps 13c, 13d and 136 at the periphery of the substrate 1 
are controlled according to the temperature detected by the 
thermocouple 14b arranged at the gas exhaust region, Where 
atmosphere gas temperature is comparably stable, and by the 
above described second heating output poWer ratio. Heating 
output poWer levels of the halogen lamps 13a and 13b at the 
center of the substrate 1 are controlled according to a 
temperature detected by the thermocouple 14a arranged at 
the position corresponding to the center of the substrate 1 
and by the ?rst heating output poWer ratio. 

[0053] In short, heating output poWer control at the gas 
introduction region R1 to the reaction chamber 11 is per 
formed according to the temperature detected by the ther 
mocouple 14b of the gas exhaust region Which is arranged 
at a region other than the gas introduction region R1 
(hereinafter, referred as a standard region). 

[0054] Accordingly, because the heating can be performed 
While keeping the heating output poWer ratio of the standard 
region to the gas introduction region R1 to a constant level, 
change in temperature difference, Which tends to happen 
often especially during heat up process, betWeen the above 
described regions can be suppressed. 

[0055] FIG. 3 shoWs temperature change With the passage 
of time at various positions (the center of the substrate 1, the 
gas introduction region and the gas exhaust region) in the 
reaction chamber 11 When a vapor phase groWth using the 
vapor phase groWth apparatus 10 of the present invention is 
performed just after the heating control method being 
changed from the prior art control method, Which controls 
temperatures independently by temperature setting for each 
position, to a control method based on the heating output 
poWer ratio according to the present invention. The heating 
output poWer ratio used for the regions in the reaction 
chamber 11 is a set that is used for a heat treatment of 
approximately 1150° C. performed before the vapor phase 
groWth. Temperature in the “INTRODUCTION REGION” 
shoWn in FIG. 3 is equivalent to the temperature of the gas 
introduction region R1. A period of time T10 in FIG. 3 
indicates a period of time for a vapor phase groWth. 

[0056] By comparing FIG. 3 With FIG. 6, in the vapor 
phase groWth apparatus 10 of the present invention, because 
heating output poWer for the gas introduction region R1 is 
loW as compared With that in case of using the prior art vapor 
phase groWth apparatus 100, temperature of the gas intro 
duction region R1 during vapor phase groWth can approach 
to temperature of the center of the substrate 1 (in FIG. 6, a 
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period of time for vapor phase growth is indicated by a 
period of time T100). That is, temperature distribution in the 
substrate 1 can be lessened. 

[0057] FIG. 4 is a graph shoWing a correlation betWeen 
the offset level (X-axis) and the resistivity distribution 
(Y-axis; resistivity difference betWeen the center of the 
substrate 1 and the periphery of the substrate 1). 

[0058] After a heating output poWer ratio for each halogen 
lamp is decided according to the above-described procedure, 
this graph is obtained, by using the vapor phase groWth 
apparatus 10 of the present invention, by changing heating 
output poWer levels at the gas introduction region, the side 
surface region of the reaction chamber 11 and the gas 
exhaust region against the center of the substrate 1, and 
groWing a silicon single crystal thin ?lm With a thickness of 
approximately 7 pm and a resistivity of approximately 10 
cm at 1110° C. by a vapor phase groWth method on a front 
surface of a p+-type silicon single crystal substrate to Which 
boron is added at high concentration. Change of the heating 
output poWer levels at the gas introduction region, the side 
surface region of the reaction chamber 11 and the gas 
exhaust region are performed together by changing tempera 
ture setting of the gas exhaust region While keeping the 
heating output poWer ratio for each other. 

[0059] The X-axis indicates differences betWeen tempera 
ture settings of heating for the center of the substrate 1 and 
temperature settings of heating for the gas exhaust region. 
Temperature at the center the center of the substrate 1 is 
detected by the thermocouple 14a, and temperature of the 
gas exhaust region is detected by the thermocouple 14b. 

[0060] In FIG. 4, H1 indicates a range of an offset level 
(offset of temperature setting of the gas exhaust region 
against the center of the substrate 1) Where no slip disloca 
tion occurs in case of the vapor phase groWth by the 
conditions described above. 

[0061] As realiZed by the range H1, When the offset level 
is Within a range of —60° C. to —95° C., slip dislocation 
scarcely occurs. 

[0062] Accordingly, When a vapor phase groWth is per 
formed by using the vapor phase groWth apparatus 10, slip 
dislocation scarcely occurs because the offset level can be 
maintained Within the range H1 even though in-plane resis 
tivity distribution is substantially made to 0 (Zero) by setting 
the offset to —95° C., that is, temperature setting of the gas 
exhaust region is set to be loWer than setting temperature of 
the center of the substrate 1 by —95° C. As described above, 
temperature of the gas exhaust region against the center of 
the semiconductor single crystal substrate 1 is controlled so 
as to minimiZe resistivity distribution of the semiconductor 
single crystal thin ?lm Within a range of no occurrence of 
slip dislocation. 

[0063] As described above, in this embodiment, resistivity 
difference betWeen the center and the periphery of the 
substrate 1 can be substantially made to Zero by adjusting the 
temperature offset Within a condition Where occurrence of 
slip dislocation can be suppressed (in the prior art, the 
resistivity difference can be reduced only to 0.7Q~cm). 

[0064] Further, because heating output poWer in the reac 
tion chamber 11 is controlled according to the temperatures 
detected at tWo points, that is, the position corresponding to 

Aug. 12, 2004 

the center of the substrate 1 in the reaction chamber 11 and 
the gas exhaust region in the reaction chamber 11, heating 
output poWer control can become easier as compared With 
control performed according to temperatures detected in 
three points or more (for example four points). 

[0065] In the above-described embodiment, an example 
that the vapor phase groWth apparatus 10 is provided With 
the thermocouple 14c of the gas introduction region in the 
reaction chamber 11 and the thermocouple 14d of the side 
surface side in the reaction chamber 11 is explained. HoW 
ever, both of the thermocouples 14c and 14d are not required 
for heating output poWer control in the reaction chamber 11. 
Accordingly, as shoWn in FIG. 7 as an example, further 
preferably, these thermocouples 14c and 14d are omitted, 
and it can be limited to only tWo thermocouples, the ther 
mocouple 14b of the gas exhaust region (the ?rst detector) 
and the thermocouple 14a (the second detector) of the 
position corresponding to the center of the substrate 1. The 
example shoWn in FIG. 7 differs from that shoWn in FIG. 
2 only in that the thermocouples 14c and 14d are omitted. 
Therefore, the same reference numerals as those shoWn in 
FIG. 2 are added to the constituent elements shoWn in FIG. 
7 Which are the same as those shoWn in FIG. 2, and 
description of those constituent elements is omitted. 

[0066] In case of the example shoWn in FIG. 7, because 
only tWo thermocouples 14a and 14b are suf?cient for 
thermocouples (detectors), cost of con?guring the vapor 
phase groWth apparatus 10 can be reduced as compared With 
that requires three thermocouples or more, and maintenance 
cost of the vapor phase groWth apparatus 10 can be consid 
erably reduced. That is, because the detectors such as the 
thermocouples and the like are expendable supplies, the 
detector(s) are required to be changed to neW one(s) many 
times. Therefore, maintenance cost of the vapor phase 
groWth apparatus 10 provided With only tWo thermocouples 
can be reduced as compared With that provided With three 
thermocouples or more (for example, maintenance cost is 
half of that provided With four thermocouples, and a doWn 
time of the vapor phase groWth apparatus 10 required for 
change of the thermocouple(s) to neW one(s) is shortened 
(for example, a period of time is 30% of that in case of four 
thermocouples)). 

[0067] Further, because characteristics of thermocouples 
differ from one another, temperature correction is required 
each time one thermocouple is changed to a neW one. A time 
period required for the temperature correction becomes 
shortened as the number of thermocouples is decreased. 
Further, When a vapor phase groWth condition is changed 
and determined (referred as “determination of condition”), a 
time period required for the determination of condition can 
be shortened as the number of detected temperatures to be 
considered is decreased. That is, in case of tWo thermo 
couples, because a time period required for the temperature 
pro?ling and a time period required for the determination of 
condition are shortened as compared With those in case of 
three thermocouples, productivity can be improved. 

[0068] In this embodiment, as an example, heating output 
poWer control for the periphery of the substrate 1 such as the 
gas introduction region in the reaction chamber 11 and the 
like is performed according to the temperature detected by 
the thermocouple 14b of the gas exhaust region in the 
reaction chamber 11. HoWever, a position for detecting 
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temperature can be another region in the reaction chamber 
11 if the region is not the gas introduction region R1 (for 
example, a position corresponding to the center of the 
substrate 1). 

[0069] Further, arrangement of the halogen lamps 13 as 
the heating apparatus is an example, and another type of 
arrangement is applicable. Moreover, division of the regions 
is not limited to this embodiment, and another type of 
division is applicable. 

[0070] Further more, each detected temperature denotes 
temperature detected by a thermocouple and differs from 
actual temperature on the substrate 1. Therefore, value used 
in this speci?cation is only an aim. 

[0071] As described above, in the embodiment of the 
present invention, in the vapor phase groWth method for 
groWing a single crystal thin ?lm by a vapor phase groWth 
method on the front surface of the semiconductor single 
crystal substrate 1, While introducing gas into the reaction 
chamber 11, heating output poWer control in the gas intro 
duction region R1 is performed according to a temperature 
detected in a region other than the gas introduction region 
R1 in the reaction chamber 11. More speci?cally, heating 
output poWer control in the gas introduction region R1 is 
performed according to temperature, for example, detected 
at the gas exhaust region or a position corresponding to the 
center of the semiconductor single crystal substrate 1. 

INDUSTRIAL APPLICABILITY 

[0072] In the vapor phase groWth method and apparatus 
according to the present invention, because heating output 
poWer control at a gas introduction region is performed 
according to a temperature detected at a standard region 
other than the gas introduction region in a reaction chamber, 
the heating can be performed While keeping a heating output 
poWer ratio of the standard region to the gas introduction 
region to a constant level. As a result, resistivity distribution 
can be reduced as compared With the prior art While sup 
pressing occurrence of slip dislocation. Accordingly, the 
vapor phase groWth method and apparatus according to the 
present invention is especially appropriate to a case of vapor 
phase groWth performed While using a single Wafer process 
ing type vapor phase groWth apparatus. 

1. Avapor phase groWth method for groWing a semicon 
ductor single crystal thin ?lm on a front surface of a 
semiconductor single crystal substrate While introducing gas 
into a reaction chamber, the vapor phase groWth method 
comprising a step of: 

performing heating output poWer control in a gas intro 
duction region according to a temperature detected in a 
region other than the gas introduction region in the 
reaction chamber. 

2. The vapor phase groWth method as claimed in claim 1, 
Wherein the heating output poWer control in the gas intro 
duction region is performed according to a temperature 
detected at a gas exhaust region in the reaction chamber. 

3. The vapor phase groWth method as claimed in claim 1, 
Wherein the heating output poWer control in the gas intro 
duction region is performed according to a temperature 
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detected at a position corresponding to a center of the 
semiconductor single crystal substrate in the reaction cham 
ber. 

4. The vapor phase groWth method as claimed in claim 1, 
Wherein the heating output poWer control in the reaction 
chamber is performed according to a temperature detected at 
a position corresponding to a center of the semiconductor 
single crystal substrate in the reaction chamber and a tem 
perature detected at a gas exhaust region in the reaction 
chamber. 

5. The vapor phase groWth method as claimed in claim 2, 
Wherein a temperature setting of the gas exhaust region 
against the center of the semiconductor single crystal sub 
strate is set so as to minimiZe resistivity distribution of the 
semiconductor single crystal thin ?lm Within a range corre 
sponding to no occurrence of slip dislocation. 

6. The vapor phase groWth method as claimed in any one 
of claims 1 to 4, Wherein the heating output poWer control 
is performed according to temperatures detected by thermo 
couples. 

7. A vapor phase groWth apparatus, comprising: 

a reaction chamber con?gured to be able to introduce gas 
for groWing a semiconductor single crystal thin ?lm by 
a vapor phase groWth method on a front surface of a 
semiconductor single crystal substrate arranged 
therein; 

a heating apparatus for heating an inside of the reaction 
chamber; 

a detector for detecting a temperature of a region other 
than a gas introduction region in the reaction chamber; 
and 

a heating output poWer control apparatus for controlling 
the heating apparatus according to the temperature 
detected by the detector to perform heating output 
poWer control of the gas introduction region. 

8. A vapor phase groWth apparatus, comprising: 

a reaction chamber con?gured to be able to introduce gas 
for groWing a semiconductor single crystal thin ?lm by 
a vapor phase groWth method on a front surface of a 
semiconductor single crystal substrate arranged 
therein; 

a heating apparatus for heating an inside of the reaction 
chamber; 

a ?rst detector for detecting a temperature of a gas exhaust 
region in the reaction chamber; 

a second detector for detecting a temperature of a position 
corresponding to a center of the semiconductor single 
crystal substrate in the reaction chamber; and 

a heating output poWer control apparatus for controlling 
the heating apparatus according to the temperatures 
detected by the ?rst and second detectors to perform 
heating output poWer control in the reaction chamber. 

9. The vapor phase groWth apparatus as claimed in claim 
7 or 8, Wherein the detectors are thermocouples. 


